Over the last 100 years there has been a great deal of speculation about the areas, or regions, of the brain which, when stimulated, give rise to a series of events detectable either from clinical observation or from the study of changes in the electrical activity of the brain, muscles, skin and other organs. At present our views on localization of cerebral function are based on both clinical and experimental observation, either in relation to local lesions, such as tumours and scars of the brain, or through stimulation, or excision, of cortical and deeper structures during neurosurgical operations in man or animal. Neurologists are often able, therefore, to say that particular types of clinical symptoms, including seizures, suggest that the patient has a lesion, or at least an area of abnormal function in a particular region of the brain. This concept is based on observations made on man or animal whose brain has developed normally and where the lesion responsible for the focal symptoms is acting upon structures that presumably at one time functioned normally. In our interpretation of pathological phenomena, we often overemphasize the topography of normal function of various regions of the brain and those alterations of function which follow the occurrence of a lesion in a given region of the normal brain, but we sometimes forget the fact that malformations involving particular regions of the brain are often asymptomatic. In any pediatric centre a number of patients with relatively minor cerebral malformations are referred every year for investigations including neurophysiological studies. Only a small proportion of these patients have specific symptoms and sometimes the structural anomaly is an unexpected post-mortem finding without noticeable symptoms either in childhood or adult life (Nathan & Smith 1950) .
When we talk of clinical symptoms, or abnormal changes in the electrical activity of the brain, we think, of course, in dynamic terms, namely in terms of altered function. The neuroanatomist, or the neuroradiologist instead, tends to think in terms of alteration of structure. When particular regions in the central nervous system fail to develop we may wish to know whether the clinical symptoms, as well as the electrical activity appropriate to such areas, present features that are different from those of previously normal patients with acquired but static focal lesions. This is painstaking and only infrequently rewarding work because we still know very little of the relationship between distorted anatomy and altered function in most organs and particularly in the brain. However, patients with well-defined cerebral malformations are a potentially valuable (and largely untapped) source of information, both in the understanding of clinical symptoms and in neurophysiological research.
Conditions which at present are included under the broad mantle of cerebral malformation are often considered static once the brain is formed, but in fact we know very little about their origin and their evolution. Some of these conditions may be part of a disease process which begins during an early phase of embryonic life and which may progress in various ways rather than remaining static. This process of evolution has been demonstrated in relation to other parts of the body, such as the face, neck or heart, and the brain is not an exception.
The number of possible categories of cerebral malformation is very large and there is no satisfactory comprehensive classification. In the present discussion two main groups will be considered: (1) Craniopagus (twins joined by their heads). (2) Partial or total agenesis of the cerebral hemispheres.
Craniopagus
In craniopagus the extent of the malformation may vary considerably from one to another set of twins in amount of scalp, bone, meninges, blood vessels and brain tissue in common. The extent of axial rotation of the head in each twin with respect to the other may also vary. Through the kindness of Dr A White Franklin a first set of craniopagus (twin boys) was referred to me in May 1958 and a second set (twin girls) in November 1960. The clinical, neurosurgical and and neuroradiological aspects of these children have already been separately published (Franklin et al. 1958 , O'Connell 1964 ; some of the results of the neurophysiological investigations are presented in this paper.
The practical problems at the time were: whether the two babies with a common skull had two brains, or one brain in common, and, if two brains were present, whether both were functioning well; whether the blood supply to each brain was fairly independent, or instead had extensive anastomoses with the other; and wvhether any other anomalies may have been present in the brain of one or both twins. From the neurophysiological point of view, in addition to these diagnostic aspects, there were a number of other interesting points, for example, whether the electrical activity of the brain in each twin was dependent on that of the other; whether the EEG features were identical; whether the sleep and wakefulness cycles were also independent; and whether stimuli to one twin might affect the electrical activity of the brain of one or both twins.
All the EEGs were taken with portable 8 channel apparatus (Offner type T) at the babies' cot side and the records from each baby were taken simultaneously (3-4 channels for each twin) on the same moving paper, in order to display real-time relationships. Photographs were taken to document the placement of the electrodes as the bony landmarks which are normally used in the placement of the electrodes were not available in these grossly deformed heads. Particular attention was devoted to the state of alertness, drowsiness or sleep of each twin in relation to the variations in EEG features; the effect of simple stimuli such as a handclap, light or darkness, which would affect both twins, as well as individually presented tactile or olfactory stimuli. During part of each test in addition to the EEG recorded from various areas, an ECG was also taken from each twin (see Fig 1) . When the EEGs were repeated some degree of maturation in the electrical activity of the brain of each twin was recognizable though somewhat independently. In both sets of twins there was independence in the electrical activity of the The time marker is in seconds and half seconds. The 3 upper channels record the activityfrom the brain ofTwin Tand the lower 3 channels that of Twin J. Changes ECG -in amplitude andfrequency ofthe cerebral activity occur in each twin independently from the other; one twin mayfall asleep while the other is awake with independent types ofEEG activity. An ECG recorded together with the EEG shows different As 1 eep features and different rates in each twin regions explored, believed to belong to each one of the twins (Fig 2) . Their responses to auditory stimuli both during the waking state and sleep were not identical. Other stimuli were presented such as removing, or putting in the mouth of one or the other baby a finger or a teat, or applying tactile stimuli both peripherally and around the face, with independent EEG responses. Some of the EEG features, particularly in the second set of twins, suggested that the brain of one twin was more abnormal than that of his conjoined sibling.
It is well known that administration of shortacting barbiturates may affect the electrical activity of the brain in a predictable way and that this effect may be utilized to recognize particular types of cerebral lesions (Pampiglione 1952 (Pampiglione , 1954 (Pampiglione , 1965 . A pharmacological test was therefore carried out on both sets of twins with injection of 10 mg thiopentone into the vein of one twin, with both under EEG control, to see whether one or both twins might be affected. It was borne in mind that the effect known in older children and adults might be different in young babies. The injection of the drug in one twin produced EEG changes only in that twin without changes in the EEG of the other twin. Moreover, the twin given the drug fell heavily asleep while the other remained fully awake. It seemed reasonable to conclude therefore that there was no common circulatory overlap, although the effect of the short-acting barbiturate would depend much more on pressure gradients between the twins than on total anatomical separation. Neuroradiological studies showed in fact that some anastomotic channels were present in both sets of twins and this was confirmed when these babies came to surgery (O'Connell 1964) .
Cases of this kind are often considered simply curiosities, but when appropriately studied in terms of anatomy and function, these monstrosities may give clues to several still very confused topics and represent unusual opportunities to test hypotheses on various aspects of cerebral function. For example, the humoral hypothesis of spontaneous sleep has often been discussed. If wide anastomoses had been present in the cerebral circulation of these twins it might have been possible to demonstrate, to a greater degree of satisfaction, whether or not such a humoral hypothesis was tenable or should be totally rejected (Kleitman 1963 , Lenard & Schulte 1972 . Problems of this kind, however, could probably be studied more profitably in pairs of conjoined twins with either a common heart or a considerable degree of circulatory anastomosis at either chest or abdominal level, without the uncertainties offered by the direct involvement of cerebral structures as in craniopagus twins.
Partial or Total Agenesis ofthe Cerebral Hemispheres
The other group of cerebral malformations from which much may be learned in clinical neurophysiology is that of partial or total agenesis of the cerebral hemispheres which may occur even without any gross alteration of the shape of skull Little is known about the etiology and the neuropathological reports tend to describe the macroscopic features with only limited histological studies. It is uncommon that careful studies of altered function are matched by careful topographic histological investigations. In clinical practice it is often difficult to decide whether contrast neuroradiological studies should be carried out in babies with suspected cerebral malformations. A simple method of investigation in a busy pxdiatric out-patient department is to use an electric torch in a darkened room to see if the head transilluminates. This method is easy and practical but the information obtained depends largely on the skill of the observer at the time and no permanent record is made.
Over the last fifteen years at Great Ormond Street we have developed a fairly simple method of permanent documentation by colour photography of the baby's head transilluminated by a powerful flash of light (Pampiglione et al. 1972 ). The brain tissue as well as the blood is opaque to this kind of transillumination. When the cerebral hemispheres are present even if the pallium is thinned, as in fairly severe hydrocephalus, the opacity is still considerable, though it diminishes with a pallium of less than half a centimetre, resulting in a greater degree of transillumination. However, if there is a partial hemispheric agenesis or if, as a result of local cerebral atrophy, there is an excess of clear fluid between the brain and the skull, that area may transilluminate clearly even through an apparently normally calcified skull. Oddly enough, hair of whatever colour, as well as meningeal vessels, appears more opaque than the skull (see Figs 3A, B, 4) and may be clearly seen against a transilluminating area of the head. Collections of fluid between brain and skull give a good transillumination if the fluid is clear but subdural collections of blood are opaque.
When neurophysiological studies, including EEG, ERG, VER and polyEMG (Pampiglione 1966) , are combined with colour photography of the transilluminated head the extent of partial or total agenesis of the cerebral hemispheres may be assessed both in anatomical and functional terms (see Figs 3-6).
This combined method of investigation has certainly considerable limitations and requires a certain amount of care (Fig 7A) but may offer some advantages in that it is simpler than contrast neuroradiology of the head and may be carried out without a general anesthetic. It is important to avoid holding the head of the child in a way which impairs a full vision of the skull. The success of this method of transillumination colour photography of the head has stimulated an interest in transillumination photography of other parts of the body and may be applicable to the photography of small animals.
The utilization of combined EEG and transillumination colour photography in young children with some types of cerebral malformations has been leading to some puzzling observations. It appears, for example, that a number of movements of the limbs and even some of the movements of eyes, lips and jaw may seem nearly normal for many weeks in young babies with partial and sometimes total agenesis of the cerebral hemispheres. The child E S (Figs 7A, B,  8) , was thought by experienced observers to possess some degree of vision for relatively large objects, could swallow and be fed and could move her limbs reasonably independently until she died at the age of 20 months. She was clinically observed for many months (Neville 1972) but unfortunately post-mortem examination was not secured. It would have been particularly important in that child (who suffered also from the 'infantile spasms syndrome') to know with direct anatomical certainty whether or not a thin cortex might have been present, and whether seizures of that particular kind (see Fig 8) could occur even without neuronal connexions above the brain stem and whether indeed the brain stem and other parathalamic structures were reasonably well preserved. Cases of either total or partial agenesis of one or both cerebral hemispheres are also of some importance, because it seems that some of these children's motor disabilities may be different from those related to local lesions (in the same areas) acquired in the postnatal period, or those which represent the sequele to surgical hemispherectomy. Further speculation may be entertained in relation to the spread of various seizure phenomena in patients with cerebral malformations; or to aspects of learning and conditioning which we consider part of higher nervous activities mediated through various regions of the brain.
